The cyanide overload of 40 cassava (gari) processing workers, 25 frequent consumers of cassava foods and 20 cigarette smokers (all Nigerians) were assessed using a new simple kit method for determination of thiocyanate (cyanide metabolite) in urine. The mean thiocyanate measured in the urine of three groups of cassava processing workers were 9.48± ± ± ±2.8, 8.70± ± ± ±2.23, and 7.46± ± ± ±2.57 ppm. The mean thiocyanate measured in the urine of frequent cassava consumers and cigarette smokers were 3.57± ± ± ±0.6 and 13.99± ± ± ±13.81 ppm, respectively. The urine samples of 15% of the processing workers measured ≥ ≥ ≥ ≥10 ppm SCN (172µmol/L), while two urine samples from the smokers measured 30, and 44 ppm SCN. The cyanide contents of some cassava based foods commonly consumed among Nigerians were determined and ranged from 0.68± ± ± ± 0.31 to 0.88± ± ± ±0.21 for total cyanide and 0.14± ± ± ±0.03 to 0.52± ± ± ±01 mgCN -100g -1 DM for free cyanide. The toxicological implications of these findings are discussed.
INTRODUCTION
Cassava (Manihot esculenta crantz) is one of the most important food crops in the tropical countries and is probably the most widely distributed major human food crop with high content of cyanogenic glycosides (Osuntokun, 1980; Osuntokun and Monekosso, 1969) . High cyanide intake from the consumption of insufficiently processed cassava has been advanced as a possible aetiologic factor in some diseases such as "Konzo" or upper motorneuron diseases (Tylleskar et al; 1992) , iodine deficiency disorder (Ermans et al; 1983) and tropical ataxic neuropathy (Osuntokun, 1981) . Akinrele (1986) reported that large scale cassava processing could be hazardous, not by consuming residual cyanide in food, but the discharge of hydrocyanic acid into the air. In this context, the hydrocyanic acid contamination of the atmospheric air (Okafor and Maduagwu, 2000) and natural water sources (Okafor et al., 2001) in areas near large scale "gari" processing as well as possible occupational exposures of humans to cyanide poisoning during large scale cassava processing (Okafor et al., 2002) have been reported. Because cyanide is converted in the body to thiocyanate, determination of thiocyanate content of urine (Bradbury and Holloway, 1988; Casadei et al., 1990; Banea-Mayambu; et al., 1997) can be used to check the cyanogens overload of populations related to intake of cassava roots and products. A simple kit method for determination of thiocyanate in urine which could be used to monitor the cyanide overload in cassava consuming populations was developed by Bradbury and Haque (1999) . The use of this simple kit method to assess the exposures of cassava processors (mainly gari processors), consumers of cassava foods and cigarette smokers in Nigeria to hydrocyanic acid is hereby reported.
MATERIALS AND METHODS

Materials
Kit D1 for thiocyanate determination in urine was supplied by Howard J. Bradbury of Australian National University, Canberra. Table 1 . Urinary thiocyanate excretion, serum total protein and albumin levels of gari processing workers, frequent cassava consumers and cigarette smokers in Nigeria.
Subjects
Mean urinary SCN (ppm) Mean serum albumin (g/l) Mean total plasma protein (g/L) 
Cassava Food Products
The cassava food materials; lafun, cassava flakes, gari and fofo listed in Table 2 were purchased from Ogbomoso, and Owelli-Agwu Markets in Nigeria.
Determination of cyanide content of samples
Total cyanide was determined by phosphoric acid extraction, hydrolysis of cyanogenic glycosides with linamarase from cassava, followed by colorimetric determination of cyanide. Free cyanide was determined in a similar way but without the use of linamarase (Cooke, 1978; Ikediobi et al., 1980) .
Subjects and Procedures
This study was carried out among 85 volunteers; 40 gari processing workers, 25 frequent cassava consumers and 20 male students of Federal University of Agriculture, Umudike who are cigarette smokers. The cassava processing workers were divided into five groups. Groups I to III were processing workers from different cassava processing centres and groups IV and V were workers returning back to work after few days off. The cassava processing workers were women, who are non-smokers, ages 24-50 years and were apparently healthy. About 5-15 metric tons of cassava is processed per working day at each centres where they work. Urine samples from the individuals were collected in clean plastic containers for thiocyanate determination. Venous blood samples from the subjects were also collected into 5 ml vacutainer tubes, for total plasma proteins and serum albumin. Blood and urine samples were collected between the hours of 5.00 to 7.00 p.m. after they have been exposed to hydrocyanic acid discharged into the environment during processing.
Thiocyanate (SCN) determination
Urine thiocyanate was determined using a simple kit method developed and supplied by J. H. Bradbury. The method was based on the quantitative oxidation of thiocyanate in acid permanganate at room temperature in a closed vial with liberation of HCN which reacts with a picrate paper.
Total protein and albumin determination
Total protein was determined by the biuret method as described by Layne (1957) and serum albumin by dye-binding (Bromo Cresol Green) method (Dumas et al., 1971 ).
RESULTS AND DISCUSSION
The results of this study using the simple kit method showed high exposures to hydrocyanic acid among cassava processing workers and cigarette smokers in Nigeria. The mean thiocyanate measured in the urine of frequent cassava consumers, three groups of cassava processing workers and cigarette smokers were 3.57±0.06 ppm (62 µmol/L), 7.46±2.57 to 9.48±2.8 ppm (129 to 166 µmol/L), and 13.99±13.81ppm (241 µmol/L) respectively (see Table 1 ). The urine sample of 15% of the processing workers measured ≥ 10ppm (172 µmol/L), while two urine samples from cigarette smokers measured 30 and 44ppm. From the criterion of urine (thiocyanate remains the most useful chemical biomarker for dietary cyanide intake) cyanide overload results mainly from gari processing rather than ingestion of cassava foods (see Table 1 ). There was statistically significant difference (p<0.05) between the mean thiocyanate excretion of the processors and the consumers. Thus gari processing is the highest source of cyanide exposures of humans among Nigerian communities dependent on cassava as their major staple. The high level of urine thiocyanate results from inhalation and skin absorption of hydrocyanic acid during processing as well as ingestion of cassava foods. Absorbed from the skin or inhaled during roasting of gari or from cigarette smoking, hydrogen cyanide readily passes the lungs into the blood stream and is converted to SCN in the liver and kidneys. Determination of the later compound in urine has been used to indicate cyanide overload (Bradbury and Holloway, 1988; Casadei et al., Afr. J. Biotechnol. 1990; Banea-Mayambu et al., 1997) . Most of the cassava processing workers who are mainly women complained of dizziness, headache, pains and other symptoms, consistent with signs of sublethal acute cyanide intoxication . Many of them take off a lot of time due to sickness which could be attributed to inhaling hydrocyanic acid gas. One of the problems at hand now, is how to estimate quantitatively, the amount of hydrogen cyanide inhaled or consumed by gari processors as well as the amounts released into the environments. Preliminary works have been done on this (Akinrele, 1986; Okafor and Maduagwu, 2000; Okafor et al., 2001 Okafor et al., , 2002 but these studies are not conclusive.
Most of the cassava food products were analyzed for their cyanide contents. The results are shown on Table 2 . Although, all of them are cyanogenic (Table 2) , the amounts of cyanide produced, may be considered low, since, only plants that accumulate more than 200 mg CN equivalent per 100 g fresh weigh are considered to be dangerous (Kingsbury, 1964) . The mean HCN found in the cassava products ranged from 0.14±0.03 -0.88±0.21 mgCN -100g -1 DM. (Table 2 ). These results demonstrate that cassava food products (especially gari) are safe for human consumption and therefore their production and consumption should be encouraged. Our calculated potential cyanide intake from daily consumption of about 750 g cassava products per individual, aided by questionnaire administration is 3.7-4.7 mg CN/24h per person or 148-188 µmol CN/24 h per person. With potential increases from other materials ( Table 2) the cyanide intake may reach 155-210 µmol/24 h for 60 kg adult. This is supported by the fact that, in a population with cassava roots as their main staple, a basic daily energy need of 1500 kcal can be satisfied with 500 g dry weight cassava roots products. Cyanides intake of 3.7-4.7 mg/24 h per person is far below the lethal dose range for humans of HCN intake by mouth, 0.5-3.5 mg kg -1 body weight for a 60 kg adult which amount to 30-210 mg HCN (Montgomery, 1980; Solomonson, 1981; Halstorm and Moller, 1945) . No evidence suggest acute adverse effect of cyanide exposure rates below 5 mg (200 µmol) cyanide per 24 h (Tyllekar et al.,1992) . The potential cyanide intake reported in this work falls within the Codex Alimentarius safe level of 10 mg HCN equivalent per kg for cassava products.
High urinary thiocyanate excretion was also observed among cigarette smokers. Two of the urine samples from the smokers measured 30 and 44 ppm SCN. This is in agreement with earlier report that one of the major sources for the inhalation of hydrocyanic acid affecting man is tobacco smoke (Richert et al., 1980) Our findings at Ogbomoso, Oyo State and Owelli-Agwu, Enugu State Nigeria were consistent with earlier report (Dufour, 1989 ) that strict adherence to effective processing methods enable populations in tropic to use roots from bitter cultivars with high linamarin without adverse effect (Tylleskar et al., 1992) . However, cyanide poison free situation may be reversed if processing techniques are not followed or if the feeding habit of individuals is altered for worse. Cyanide poisoning from cassava can only result when food preparation is carelessly done or is almost non-existent and people begin to consume insufficiently processed foods. Hence, iodine deficiency and/or low protein intake could be the major problems of the communities where chronic cassava cyanide diseases were reported in Nigeria in recent times. When the diet is low in protein in cassava consuming population, chronic cyanide poisoning often results. The total protein and serum albumin of these subjects were within the values for normal health individuals (Table 1) . Thus, indicating adequate protein intake as a fall in serum albumin level could be a pointer to low protein intake. In this context, plasma proteins (especially albumin) are known to be involved in cyanide detoxification via its convention to thiocyanate. The amounts of sulphur needed to detoxify ingested cyanide of cassava is very small compared with the daily intake of sulphur containing amino acids and therefore cannot affect levels of protein energy malnutrition (Bradbury and Holloway, 1988) .
In conclusion, cynanide overload, in cassava consuming populations of Nigeria results mainly from cassava processing rather than ingestion of cassava foods.
